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Abstract—Students have different ways for learning and 
processing information. Some students prefer learning through 
seeing while others prefer learning through listening; some 
students prefer doing activities while other prefer reflecting. 
Some students reason logically, while others reason intuitively, 
etc. Identifying the learning style of each student, and providing 
learning content based on these styles represents a good method 
to enhance the learning quality. However, there are no efforts on 
how to detect the students’ learning styles in mobile computer 
supported collaborative learning (MCSCL) environments. We 
present in this paper new ways for automatically detecting the 
learning styles of students in MCSCL environments based on the 
learning style model of Felder-Silverman. The identified learning 
styles of students could be then stored and used at anytime to 
assign each one of them to his/her appropriate learning group.  
Keywords—component; learning styles; mobile learning; 
collaborative learning; MCSCL, group formation. 
I.  INTRODUCTION  
Collaborative learning is defined by Dillenbourg as “a 
situation, in which two or more people learn or attempt to learn 
something together” [1]. Collaborative learning represents an 
effective way to develop some students’ personal and social 
skills that could not be strengthened by the individual learning 
(e.g.,  “making ideas explicit, communicating with others, 
reasoning, arguing and negotiating”) [2]. 
With the development of new information and 
communications technologies (ICT), the distance and face-to-
face collaborative learning is becoming much more easy, 
useful and rapid than before.  And with the arrival of the 
mobile and wireless technologies (Smartphones, Tablets, 
PDAs, etc), the learners are becoming able to learn and interact 
with each other freely and naturally, and they could do their 
collaborative works in reel world environments (museums, 
gardens, forests, etc) using those new technologies. As result, a 
new approach of collaborative learning termed “Mobile 
Computer Supported Collaborative Learning” (MCSCL) is 
immerged, and many educational MCSCL projects were 
implemented [3], [4], [5]. 
On the other hand, the effective formation of learning 
groups is considered as one of the important keys for 
succeeding the collaborative learning activities [6]. Many 
grouping criteria are proposed by the researchers for forming 
mobile learning groups. For instance, the age [7], [8]; the 
gender [8]; the learners’ interests [9], [10]; the learners’ 
interactions [9], [11]; the learners’ locations [12], [13], etc.  In 
one of our previous work [14], we proposed a group formation 
approach that takes into consideration the biggest possible 
number of grouping criteria, and gives instructors the 
possibility for selecting the ones that they find more useful 
according to the types of learning activities, the learners’ needs, 
the objectives, etc.  
Among the group formation criteria that are not properly 
studied and considered in MCSCL environments is the learning 
style of mobile learners. Felder and Silverman find that 
students have different learning styles, they have “different 
strengths and preferences in the ways they take in and process 
information” [15]. Therefore, we focus in this paper on how to 
automatically detect the different learning styles of mobile 
learners, and how to re-group them according to the detected 
information, which can help enhancing the learning quality by 
forming the most suitable learning groups. 
Two methods are generally followed by researchers to 
detect the students’ learning styles; questionnaire-based 
method, and automatic method. The first method allows 
instructors (or learners) to have a quick but not always true 
ideas about the learning style of students. Because it is based 
on the use of questionnaires that are filled out by the students, 
and in many cases, the students do not provide sure 
information.  In the contrary, the second method permits to 
obtain dynamic and sure information about the students’ 
learning styles. Because it continuously controls and evaluates 
the students’ behaviours (e.g., preferences). In this study, we 
use the second method for automatic detection of mobile 
students’ learning styles. The different information related to 
the students’ learning styles is stored in a specific database, 
which is accessed by the group formation algorithm that serves 
to form homogeneous or heterogeneous learning groups 
according to instructor’s choices or the students’ needs.  
The paper is organized as follows: section 2 shows a 
description of the Felder and Silverman learning style model, 
and how to detect the learning styles using questionnaires. In 
section 3, the proposed approach for automatic detection of 
learning styles, together with the system architecture are 
presented; finally our conclusions together with the further 
works are provided. 
II. FELDER AND SILVERMAN’S LEARNING STYLE MODEL 
In literature, many models of learning styles are proposed. 
Between them we find these of Honey and Mumford [16], 
David Kolb [17], Neil Fleming [18], and Felder and Silverman 
[19]. In this work, we are focusing on the last one, which is the 
most known model.  
In 1988, Felder and Silverman proposed their first learning 
style model that aims to classify students according to the ways 
in which they prefer to learn or to obtain information [20]. 
According to this model, which is revised by Felder in 2002, 
four dimensions of learning style are considered 
(active/reflective, sensing/intuitive, visual/verbal, and 
sequential/global) (see Figure 1). We present in the following 
subsections brief description of the four dimensions of Felder 
and Silverman’s learning style model.  
 
Figure 1. The four dimensions of Felder and Silverman’s 
learning style model. 
1. Sensing or Intuitive: 
Sensing learners prefer concrete learning content (materials) 
such as data and facts.  They enjoy materials that are related to 
real world, and they like solving problems using established 
methods. 
Intuitive learners prefer to learn innovation and abstract 
content, such as theories, ideas and underlying meanings. 
2. Visual or Verbal 
Visual learners remember generally what they see, and they 
prefer visual representations of the presented learning content 
(e.g., figures, cards, diagrams, flow charts).  
Verbal learners (or auditory learners) prefer spoken and written 
explanations. They learn better through listening to teachers, to 
mates, to their own voices, etc. 
3. Active or Reflective 
Active learners are characterized by their capacities for 
processing information actively. They prefer discussing, 
exchanging ideas, explaining information to others, and trying 
things out. They like more working in groups, and finding 
ways to use or apply information.  
Reflective leaners prefer to think about the learning content (or 
materials) first. They prefer working passively and alone, and 
they benefit from thinking of possible questions related to what 
has been read.  
4. Sequential or Global 
Sequential learners learn in small incremental steps using a 
linear thinking process.  
Global learners learn in large jumps. They try to see the big 
picture first and then the details.   
In literature, two methods are followed by the educators to 
detect and identify the learning style of students: collaborative 
(questionnaires-based), and automatic methods [21].  As for the 
collaborative one, Felder and Soloman proposed the most 
known index for learning style (ILS) [22]. It is composed by 44 
questions that cover the four dimensions of Felder and 
Silverman learning style model. For instance, to detect if a 
learner is visual or verbal, she/he should answer these 
questions:  
- I remember best: (a) What I see. (b) What I hear.  
- When I think about what I did yesterday, I am most likely 
to get:   (a) a picture.   (b) Words. 
- I prefer to get new information in: (a) pictures, diagrams, 
graphs, or maps. (b) Written directions or verbal 
information. 
- When someone is showing me data, I prefer:   (a) charts or 
graphs.   (b) Text summarizing the results. 
- When I see a diagram or sketch in class, I am most likely 
to remember:  (a) the picture.  (b) What the instructor said 
about it. 
The answers of such kind of questions allow instructors to have 
an idea about his/her students’ preferences, and therefore, 
provide adaptive learning to each one of them. However, the 
obtained students’ answers are not always correct, which can 
affect the validity and the accuracy of the obtained results.  
For the methods based on the automatic detection of 
students’ learning style, the majority of existing approaches in 
this context are designed for online learning environments (E-
learning platforms) [21], [23], [24]. And we have found only 
one paper for mobile learning and MCSCL environments [25].  
III. PROPOSED MECHANISM FOR DETECTING THE SUDENTS’ 
LEARNING STYLES 
 
 
Figure 2. The proposed mechanism for grouping students based 
on their learning styles 
AS shown in Figure 2, the proposed mechanism is composed 
by the following phases: 
1. students’ behaviours detection : 
The objective of this step is to detect the students’ learning 
behaviours, by extracting relevant information from mobile 
devices. Our challenge in this context is how to control, 
evaluate, and store the different students’ behaviours 
(interactions, communications, movements, etc). As solution, 
we have proposed to install a set of log files on the device of 
each student. Those files serve to store, in real time, the 
different actions and activities of students, together with the 
necessary details (e.g., learning time, visited places, visited 
forums). At the end of learning activities, the system extracts 
the necessary information from the log files and stores them in 
an active database. To identify the learning style of each 
student, a specific module, termed learning style identification, 
analyzes the students’ profile and identifies their styles 
according to the obtained information (see the subsection 
entitled “Learning styles identification”).  
In the following subsections, we present the necessary 
information that we can extract from the mobile devices to 
define the learning style according to the four dimensions of 
Felder and Silverman model. 
-    Sensing / Intuitive:  while sensing students enjoy concrete 
materials (e.g., data, statistics), and intuitive students prefer 
abstract content (e.g., theories, ideas), we propose to analyze 
the history of accessed learning content (visited forums, 
websites, applications, etc). In addition, intuitive students like 
challenges and hard missions. This kind of information can be 
obtained from the history of chosen activities.  
-  Visual / Verbal:  a given mobile student can be considered 
as visual student if she/he often accesses to image-sharing 
websites (such as Google image or google map), or she/he 
takes photos of every discovered thing, or draws graphs to 
understand or explain his/her ideas. While verbal students like 
communication with their teachers and mates. Therefore 
analyzing the level of interaction with others helps identifying 
the visual/verbal dimension of each student. In addition verbal 
students prefer visiting video-sharing websites (such as 
YouTube) and recording interesting information using audio 
and videos recorders.  
-  Active / Reflective: To detect if a given student is active or 
reflective, we propose to analyze the history of his/her 
activities. The active learners enjoy working collaboratively in 
groups, they like explaining and presenting their ideas to 
others, and they enjoy interacting directly with learning objects 
(flowers, animals, robots, etc). While reflective students prefer 
working alone and reflecting about the learning materials 
without doing many experiences.   
- Sequential / Global: To detect if a given student is 
sequential or global; we propose to analyze also the history of 
her/his activities. The sequential students like the details of 
every learned material, therefore, they ask many questions 
about those materials, and visit (access) many times the same 
place, learning object, website, video, picture, etc.  While the 
global students tend to obtain a general idea about the learned 
materials, therefore, they ignore many steps, contents, and 
details. 
2. Learning styles identification: 
After evaluating and storing the different values related to the 
students’ learning behaviours (which are associated to the four 
dimensions of Felder and Silverman’s learning style model), 
the system searches to define the preferred learning styles of 
each student.  
To achieve this objective, we have followed the method 
proposed by Graf et al [26]. This method is based on the use of 
indications from the behaviours of students. For instance, if a 
student uses often his/her smartphone to take photos of 
learning objects, this gives a hint that this student prefers visual 
learning style.  
For each student’s behaviour, there are four values of hints: 3 
indicates that the student’s behaviour represents a strong 
positive indication for the learning style. 2 indicates that the 
student’s behaviour does not represent a specific hint (it is an 
average value). 1 indicates that the student’s behaviour 
represents a strong negative indication for the learning style. 0 
indicates that there is no information to identify the learning 
style.  
In order to obtain a measure for a given learning style, the 
system calculates the sum of all the hints and divide them on 
the number of considered behaviours.  
3. Learning groups formation: 
After detecting and storing the students’ learning behaviours 
and identifying their learning styles, the instructors could at 
anytime ask the group formation algorithm to form the learning 
groups.  In order to make the formation of groups more global 
and useful for different situations, we have considered both 
types of learning groups; homogenous and heterogeneous 
groups. To form the first type of groups, the principles of K-
means clustering is used. As for creating heterogeneous 
learning groups, the grouping algorithm calculates the 
Euclidian distance between all existing two learners (the 
similarity matrix) and starts to form the initial groups by 
selecting the learners that have the highest values in the 
similarity matrix. When all groups are composed by two 
learners, the grouping algorithm calculates then, the new 
distances between each created group and the rest of students 
that are not yet assigned to any group. Then, the algorithm 
finds the highest value and assign the selected learner to the 
selected group. The grouping algorithm repeats this process 
until finishing the affectation of all learners.  
As for the architecture of the proposed system, we have used a 
client/ server architecture, which is composed by three tiers 
(see Figure 3):  
Figure 3. System architecture 
- Client tier: in which mobile devices allow students to interact 
with the system through their Internet browsers. This tier 
permits also to store instantaneous information of student’s 
behaviours in a set of log files. 
- Database tier: represents the active database of the system, 
and serves to store the necessary information of students and 
their past activities.  
- Middle tier: represents the main part of the system. It 
communicates with the database tier through JDBC protocol. 
The middle tier is composed by four modules: Presentation 
module, allows students and teachers to access to learning 
resources, and to use the group formation algorithm, through 
servlets and JSP pages. Data extraction module, helps the 
system to extract the relevant information from the log files 
installed on the mobile devices. Learning style identification 
module, analyses the students’ profiles and their past activities 
to identify their learning styles. Group formation algorithm, 
forms the best possible learning groups during the collaborative 
learning activities according to the identified learning style of 
each student.  
IV. CONCLUSION 
Learning styles vary for each one of students. This paper 
proposed an automatic method to detect the learning styles of 
mobile students, and to form suitable homogeneous or 
heterogeneous groups according to the detected information. 
We have assumed during this study that the MCSCL 
environments are completely different from the non-mobile 
environments (e.g., CSCL: Computer Supported Collaborative 
Learning). Through our literature review, we have found only 
one paper that focuses on the problem of students’ learning 
style detection in MCSCL environments [25]. Therefore, we 
believe that the work presented in this paper was providing the 
MCSCL community with valuable information and ideas about 
this research problem.   
As a further work, we would like to evaluate the proposed 
approach by comparing its effectiveness with those of the 
traditional way that uses questionnaires to identify the learning 
styles of each learner. This assessment method is based on the 
evaluation of the experimental learning groups’ results (groups 
composed based on the learning styles identified with the 
proposed method) and compare them with the learning results 
of the control groups (groups composed based on the learning 
styles identified using the questionnaire method). 
ACKNOWLEDGMENT  
This work has been carried out at SIMPA laboratory, 
informatics department (USTO-MB university). We would like 
to thank all the INESMA (INgénierie Educative et Systèmes 
Multi-Agents) research group members, and our colleagues 
from Centro Algoritmi (university of Minho) for their help and 
recommendations.  
REFERENCES 
[1] Dillenbourg P. (1999). What do you mean by collaborative learning?. In 
P. Dillenbourg (Ed) Collaborative-learning: Cognitive and 
Computational Approaches. (pp.1-19). Oxford: Elsevier. 
[2] J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 3rd ed., vol. 
2. Oxford: Clarendon, 1892, pp.68-73. 
[3] Zurita, G., Nussbaum, M., & Salinas, R. (2005). Dynamic grouping in 
collaborative learning supported by wireless handhelds. Educational 
Technology & Society, 8(3), 149-161. 
[4] Yatani, K., Onuma, M., Sugimoto, M., & Kusunoki, F. (2004). Musex: 
A system for supporting children's collaborative learning in a museum 
with PDAs. Systems and Computers in Japan, 35(14), 54-63. 
[5] Boticki, I., Looi, C.-K., & Wong, L.-H. (2011). Supporting Mobile 
Collaborative Activities through Scaffolded Flexible Grouping. 
Educational Technology & Society, 14 (3), 190-202.   
[6] Dillenbourg, P. (2002). Over-scripting CSCL: The risks of blending 
collaborative learning with instructional design. P. A. Kirschner. Three 
worlds of CSCL. Can we support CSCL?, Heerlen, Open Universiteit 
Nederland, pp.61-91, 2002. 
[7] Tan, Q., Kinshuk., Jeng, Y. L., & Huang, Y. M. (2010). A collaborative 
mobile virtual campus system based on location-based dynamic 
grouping. In J. Spector, et al. (Eds.), Proceedings of the 10th IEEE 
International Conference on Advanced Learning Technologies. (pp.16-
18). Los Alamitos, Ca: IEEE computer society. 
[8] Mujkanovic, A., Lowe, D., & Willey, K. (2012). Adaptive group 
formation to promote desired behaviours. In Llewellyn, M, & Daniel, S. 
(Eds.), Profession of Engineering Education: Advancing Teaching, 
Research and Careers: 23rd Annual Conference of the Australasian 
Association for Engineering Education. (p.850). Melbourne, Australia: 
Engineers Australia. 
[9] El-Bishouty, M. M., Ogata, H., Rahman, S., & Yano, Y. (2010). Social 
Knowledge Awareness Map for Computer Supported Ubiquitous 
Learning Environment. Educational Technology & Society, 13(4), 27-
37. 
[10] Giemza, A., Manske, S., & Hoppe, H. U. (2013). Supporting the 
Formation of Informal Learning Groups in a Heterogeneous Information 
Environment. In L.-H. Wong et al. (Eds.), proceedings of the 21st 
International Conference on Computers in Education (pp.367-375). 
Indonesia: Asia-Pacific Society for Computers in Education.  
[11] Hsieh, J. C., Chen, C. M., & Lin, H. F. (2010). Social interaction mining 
based on wireless sensor networks for promoting cooperative learning 
performance in classroom learning environment. In Hoppe, U., et al. 
(Eds.), The 6th IEEE international conference on wireless, mobile, and 
ubiquitous technologies in education. (pp.219-221). Los Alamitos, Ca: 
IEEE computer society. 
[12] Huang, Y.-M., & Wu, T.-T. (2011). A systematic approach for learner 
group composition utilizing U-learning portfolio. Educational 
Technology & Society, 14 (3), 102-117.   
[13] Yin, C., Dong, Y., Tabata, Y., & Ogata, H. (2012). Recommendation of 
helpers based on personal connections in mobile learning. In Kinshuk, et 
al. (Eds.), Seventh IEEE International Conference on Wireless, Mobile 
and Ubiquitous Technology in Education. (pp.137-141). Los Alamitos, 
Ca: IEEE computer society. 
[14] Amara S, Macedo J, Bendella F and Santos A.(2015). Dynamic Group 
Formation in Mobile Computer Supported Collaborative Learning 
Environment. In Proceedings of the 7th International Conference on 
Computer Supported Education CSEDU-2015, pp.530-539.  
[15] Felder, R. M., & Spurlin, J. (2005). Applications, reliability and validity 
of the index of learning styles. International journal of engineering 
education, 21(1), 103-112. 
[16] P. Honey and A. Mumford, The Manual of Learning Styles. Peter 
Honey, Maidenhead, 1982. In Graf, S., Shuk, K., & Liu, T. C. (2008, 
July). Identifying learning styles in learning management systems by 
using indications from students' behaviour. In Advanced Learning 
Technologies, 2008. ICALT'08. Eighth IEEE International Conference 
on (pp. 482-486). IEEE. 
[17] Kolb, D. A., Boyatzis, R. E., & Mainemelis, C. (2001). Experiential 
learning theory: Previous research and new directions. Perspectives on 
thinking, learning, and cognitive styles, 1, 227-247. 
[18] Leite, W. L., Svinicki, M., & Shi, Y. (2010). Attempted validation of the 
scores of the VARK: Learning styles inventory with multitrait–
multimethod confirmatory factor analysis models. Educational and 
Psychological Measurement, 70(2), 323-339. 
[19] Felder, R. M., & Silverman, L. K. (1988). Learning and teaching styles 
in engineering education. Engineering education, 78(7), 674-681. 
Preceded by an author preface in 2002 
[20] Felder, R. M., & Spurlin, J. (2005). Applications, reliability and validity 
of the index of learning styles. International journal of engineering 
education, 21(1), 103-112. 
[21] Graf, S., Shuk, K., & Liu, T. C. (2008, July). Identifying learning styles 
in learning management systems by using indications from students' 
behaviour. InAdvanced Learning Technologies, 2008. ICALT'08. Eighth 
IEEE International Conference on (pp. 482-486). IEEE. 
[22] http://www.ncsu.edu/felder-public/ILSpage.html 
[23] Şimşek, Ö., Atman, N., İnceoğlu, M. M., & Arikan, Y. D. (2010). 
Diagnosis of Learning Styles Based on Active/Reflective Dimension of 
Felder and Silverman’s Learning Style Model in a Learning 
Management System. In Computational Science and Its Applications–
ICCSA 2010 (pp. 544-555). Springer Berlin Heidelberg. 
[24] Ahmad, N., Tasir, Z., Kasim, J., & Sahat, H. (2013). Automatic 
detection of learning styles in learning management systems by using 
literature-based method. Procedia-Social and Behavioral Sciences, 103, 
181-189. 
[25] Park, H. (2005, November). Design and development of a mobile 
learning management system adaptive to learning style of students. 
In Wireless and Mobile Technologies in Education, 2005. WMTE 2005. 
IEEE International Workshop on (pp. 67-69). IEEE 
[26] Graf, S., Shuk, K., & Liu, T. C. (2008, July). Identifying learning styles 
in learning management systems by using indications from students' 
behaviour. In Advanced Learning Technologies, 2008. ICALT'08. Eighth 
IEEE International Conference on (pp. 482-486). IEEE. 
 
 
 
